INTRODUCTION
Dairy cattle breeds of European origin are recognized as being more productive and also more demanding in terms of management and nutrition than are Zebu breeds. Therefore, the expected higher production is not always borne out in tropical regions on dairy farms that are less technically advanced, since the animals do not receive sufficient management and nutrition to reach their full genetic potential. The use of crossbreed cattle to produce milk, in a pasture-based system, is a common option among dairy farmers in Brazil and other tropical regions. Various crosses of European and Zebu breeds are capable of profitably and sustainably, producing milk under tropical conditions. These animals thus make up an important contingent of Brazil's dairy herds: an estimated 70% of the country's milk comes from Holstein-Zebu crossbreeds (Embrapa Gado de Leite, 2003) .
In recent decades, the dairy production chain in Brazil has undergone intense transformations, with restructuring of all links, making the sector more competitive. This is reflected in the 70% increase in productivity (liters/cow/year) between 1980 (Embrapa Gado de Leite, 2008 . Although the statistics show continuous development, there are still various obstacles that need to be overcome, particularly by smaller, less technically advanced dairy operators, to be able to maintain the sector's sustainability and competitiveness. Several factors affect dairy production, such as climate, installations, herd health, labor availability and zootechnical and genetic potential. Among animal health problems, infectious-contagious diseases stand out the most, and mastitis is the main such disease afflicting dairy cattle from an economic standpoint (Oviedo-Boyso et al., 2007) .
One of the most promising ways to reduce the problems caused by mastitis, besides adequate sanitary conditions, is the selective breeding of resistant animals. According to Detilleux et al. (1994) , it is hard to produce effective vaccines against this disease due to the large variety of microorganisms causing it and its multifactor character. Therefore, studies to better understand the biological processes involved in determining resistance to diseases are essential to resolve problems and develop innovative solutions.
Mastitis is one of the most prevalent and costly diseases affecting the dairy industry worldwide (Bradley, 2002; Petrovski et al., 2006) . It is characterized by inflammation of the mammary gland and is generally caused by bacteria. The speed and efficacy of the host's immune response to the invading microorganisms is a crucial factor for the establishment, persistence and severity of the infection ). Epithelial and endothelial cells perform important functions in the first-line defense against local infections, by producing cytokines and other inflammatory mediators (Strandberg et al., 2005; Corl et al., 2008; Griesbeck-Zilch et al., 2008) . In the mammary gland, cells from the immune system together with epithelial cells are responsible for recognizing the invading microorganism via Toll-like receptors, or TLRs (Rainard and Riollet, 2006; Griesbeck-Zilch et al., 2008) . Activation of TLRs triggers the expression of inflammatory cytokines and other mediators related to immune response, cell differentiation and apoptosis (Ibeagha-Awemu et al., 2008; Yang et al., 2008; Cates et al., 2009) .
The importance of inflammatory cytokines to the development of an effective immune response against mastitis has been documented in several researchs, which have evaluated changes in their concentrations in milk during tests on animals with experimentally infected udders (Burvenich et al., 2003; Bannerman et al., 2009) . The resistance response to mastitis is a complex characteristic and the genes involved in the immune response have been indicated as strong candidates in determining animal resistance (Shuster et al., 1993; Ferens et al., 1998; Alluwaimi et al., 2003; Rambeaud et al., 2003; Oviedo-Boyso et al., 2007; Fonseca et al., 2009) . In light of this premise, the aim of this study was to characterize the expression of genes related to the phenotype determining resistance/susceptibility to mastitis, to better understand the immune response mechanisms. For this purpose, we carried out field tests to investigate the expression of the following genes:
, TNF-α (tumor necrosis factor-alpha), TLR-2 (Toll-like receptor 2), SEMA5A (semaphorin 5A), and FEZL (forebrain embryonic zinc-finger-like) in cells present in the milk of crossbreed cows (Holstein x Gyr) with and without clinical mastitis, using naturally infected animals.
MATERIAL AND METHODS
We used 20 crossbreed cows from the Santa Mônica Experimental Field of the Embrapa Dairy Cattle Research Unit, located in the municipality of Valença in the State of Rio de Janeiro. We selected two groups, one free of infection and the other with clinical mastitis, each composed of 10 animals with different birth orders, blood degree and age.
All animals underwent clinical udder examination and strip-cup testing before collection of the milk samples. From each cow, 200 mL milk was taken in sterile tubes. The milk samples from the cows with mastitis were collected immediately after the appearance of clinical signs and before treatment with drugs. Hence, there was no artificial infection or treatment effect. Additionally, all the samples from cows with mastitis were submitted to microbiological tests to identify the pathogen, performed according to NMC (1987) .
Total RNA of the milk samples was extracted using the RNeasy ® Mini Kit (Qiagen, Valencia, CA, USA), following manufacturer recommendations. To remove any contamination by genomic DNA, the samples were submitted to digestion with DNase (RNase-free DNase Set, Qiagen). The quality of the RNA samples was evaluated by the Agilent Bioanalyzer 2100 (Agilente, Palo Alto, CA, USA) and the concentrations were determined by spectrophotometry using a NanoDrop ND-1000 device (NanoDrop Technologies, Wilmington, DE, USA). The mean RNA integrity index of the samples was 6.3 (data not shown).
The first cDNA strand was synthesized using the SuperScript TM III First-Strand Synthesis SuperMix kit (Invitrogen, Carlsbad, CA, USA), and the average DNA concentrations were estimated by spectrophotometry, after which the single cDNA strand was stored at -20°C until use in the real-time polymerase chain reaction (qPCR).
The qPCRs were carried out with the SYBR Green ® PCR Master Mix kit (Applied Biosystems, Foster City, CA, USA), according to manufacturer recommendations. The primers used to evaluate the gene expressions were designed according to data from the literature, as shown in Table 1 .
Six endogenous controls were used: β-actin, 18S rRNA, GAPDH (glyceraldehyde-3-phosphate dehydrogenase), Ubiquitin, RPLP0 (ribosomal protein, large P0), and HPRT (hypoxanthineguanine phosphoribosyltransferase). We chose the two best endogenous controls according to the profile of the amplification and dissociation curves, and also analyzed them with the geNorm soft-ware (Vandesompele et al., 2002) . After 40 amplification cycles, all the samples were submitted to dissociation curve analysis to verify the absence of non-specific products and primer dimers.
After real-time quantification, the reactions were optimized for all the genes, by testing three quantities of cDNA (100, 200 and 400 ng/reaction) and six primer dilutions (50, 100, 200, 400, 600, and 900 nM). After determining the best conditions, we plotted the standard curve for each gene, in which each series cDNA dilution was graphed against the respective Ct (cycle threshold).
Each test was performed in duplicate in optical 96-well reaction plates, sealed with optical adhesive film and amplified in an ABI Prism 7300 Sequence Detection Systems device (Applied Biosystems), with each target amplified separately. The data obtained from the qPCRs, generated by the device, were analyzed by the REST © 2009 program, developed by M. Pfaffl (Technical University of Munich) and by Qiagen, available at http://www.gene-quantification. de/rest-2009.html, to compare the expression difference between the treatments. Table 2 shows the amplification sequence for each gene. In the dissociation curves, two peaks could be observed for GADPH in the samples from two animals, so this primer was excluded from the analyses by the geNorm software to choose the best endogenous control. For the other genes, no peaks were observed referring to primer dimers or non-specific products (data not shown). each gene, besides the dissociation temperature of the amplified fragment. The coefficient of variation of the duplicate Ct readings for each sample did not exceed 5% (data not shown).
The analyses with the geNorm software indicated that the two most efficient endogenous controls were 18S rRNA and Ubiquitin, as can be seen in Figure 1 , because these showed the lowest expression variation among the animals. Table 3 shows the results of the microbiological examination of cows with mastitis, according to which three cows were infected by Corynebacterium spp, three by Streptococcus agalactiae, one by Streptococcus spp, and one by coagulase-negative Staphylococcus spp. No bacterial growth was detected in the milk of the other two cows, even though the animals showed clinical signs of mastitis. Reports indicate that 25-40% of all clinical samples are negative on routine culture. The number of the organism less than the minimum detection limit of the assay, the absence of the microorganism in the sample, or phagocytosis of the microorganism by somatic cells may be some of the reasons for these cases (NMC, 1987 We also compared the gene expression level of the crossbreed animals with and without clinical mastitis (Table 4 ). The expression in the animals with mastitis was 2.5 times greater for TLR-2 than in the animals without mastitis (P < 0.05). There was no significant difference in expression for the other genes (P > 0. Table 4 . Relative expression of the genes in crossbreed cows with mastitis in relation to the animals without mastitis.
RESULTS
Numbers greater than 1 = greater expression in animals with mastitis; numbers less than 1 = lower expression in animals with mastitis (*P < 0.05).
DISCUSSION
Innate immunity predominates in the initial phase of infection and is mediated by macrophages, neutrophils, natural killer cells, and cytokines. It recognizes and responds to different pathogens, even if the organism has never been infected by the particular species. Bacteria are especially likely to have different cell wall structures, which are recognized by membrane receptors. These structures are lipopolysaccharides, peptidoglycans (PGN) and lipoteichoic acid (LTA), which constitute the pathogen-associated molecular patterns (PAMPs). These PAMPs are recognized by TLRs, which are located in the cell and endosome membranes. Interaction between the PAMPs and TLRs of immune system cells induces the production of cytokines and other endogenous mediators, which are essential for protecting the organism against pathogenic microorganisms. The TLR-2 gene is responsible for recognizing the LTA and PGN of Grampositive bacteria (Hirschfeld et al., 2000; Takeuchi et al., 2000) . As can be observed in Table 2 , all the microorganisms identified as causing mastitis in this study are Gram-positive bacteria. This corroborates other findings reported in the literature, according to which there was greater expression of the TLR-2 gene during mastitis caused by Gram-positive microorganisms (Bannerman et al., 2004a; Goldammer et al., 2004; Swanson et al., 2009 ).
We did not observe significant differences (P > 0.05) between the groups studied in relation to the expression level of the other genes. The IL-2 gene, produced mainly by Th 1 lymphocytes, induces the proliferation of mononuclear cells and activates some epithelial cells. In contrast, IFN-γ is associated with conversion of Th 0 into Th 1 lymphocytes and activation of macrophages, as well as potentiating the action of TNF-α (Janeway et al., 2002) . Therefore, this cytokine is related to the Th 1 immune response profile, i.e., the immune response of this cell type. The IL-8 gene, together with IL-1 and TNF-α, has been indicated as an important mediator of neutrophil recruitment to the inflamed site. Some studies have shown that TNF-α and IL-8 are present in the milk from udders infected by Gram-negative bacteria, such as Escherichia coli, Klebsiella pneumoniae or Pseudomonas aeruginosa, but they are present in lower concentrations or not detected in the milk from cows with mammary glands infected by Staphylococcus aureus (Shuster et al., 1997; Riollet et al., 2000; Bannerman et al., 2004a Bannerman et al., ,b, 2005 . Another study by our group with commercial cattle with and without mastitis caused by natural infection showed a difference in the expression profile of the IFN-γ, IL-2 and IL-10 genes among animals of the Holstein BW and Gyr breeds (Fonseca et al., 2009) .
Despite the non-significant expression for the other genes, these results improve the understanding of how immunological reactions occur in response to mastitis, greatly affecting milk quality and quantity, especially in crossbreed animals, which are the basis of the dairy industries in Brazil. Mastitis is a multifactor disease and resistance is influenced by many genes. For this reason, gene-expression studies are particularly important to clarify how immune responses to this disease occur. The present study is groundbreaking in this respect for studying crossbreed animals. The majority of studies have examined European breeds with artificially induced infection. Like this study, that by Fonseca et al. (2009) also evaluated the expression of some genes in naturally infected cows, but of separate Holstein BW and Gyr breeds rather than crossbreed animals. In that study, the IL-6, IL-8 and TNF-α genes also failed to show significantly different expression between cows with and without clinical mastitis.
The immune response can differ according to the bacterial strain and the host, because there is great individual variation. Lahouassa et al. (2007) demonstrated, by means of in vitro studies, that different strains of S. aureus provoke different responses in epithelial cells and the udder. Besides this, the intensity and level of expression of the genes considered in that study varied according to the infection phase (3, 10 and 24 h after addition of the bacteria to the cell culture). According to the authors, these different responses imply alternate activation pathways or different levels of signal transduction, reflecting what is observed in vivo. Swanson et al. (2009) also showed that after infection of the udder by a pathogen, complex cellular and physiological processes occur, and the changes in the expression of genes related to the immune response by epithelial cells in the mammary gland appear to be specific for each pathogen. These articles highlight the complexity of the immune response to an infective pathogen. In the present study, the milk samples were collected just after the detection of clinical signs of natural infection, so there was no control of the time of infection. Besides this, there was no control of the type of strain that caused the infection, and in two cows it was not even possible to isolate the pathogen. It should be pointed out that this study was an attempt to demonstrate what happens in a commercial herd under natural conditions, and thus, it is not possible to state that these animals were free of other infections or diseases that could have influenced the results.
From the results of this study, we cannot affirm that the genes studied are only expressing the messenger RNA or are also expressing a protein, since there are post-transcriptional regulation factors that were not analyzed. For this reason, it would be interesting to perform proteomic studies to better understand these results. Besides this, the analysis of the structure of the TLR-2 gene, which showed a significant difference in expression, could be useful to identify SNP markers for mastitis resistance and susceptibility phenotypes in crossbreed animals.
It was possible to verify the difference in the expression profile of the TLR-2 gene in relation to the mastitis resistance/susceptibility phenotype among the animals examined. We intend to perform further studies including a larger number of samples and specific experimental conditions, to evaluate the potential of the TLR-2 gene as a marker, and also to include new genes, so as to obtain a better understanding of the physiopathological mechanisms of mastitis.
